Abstract
INTRODUCTION
Mechanics is a common course for engineering programs in Canadian universities. At Carleton, and probably at other institutions, the first-year mechanics course has a large enrollment and is taught by several instructors, in multiple sections, to students enrolled in a variety of engineering programs. The final exam, in this class of nearly 1000 students, is marked by 5 instructors with varying backgrounds and degrees of experience. For some engineering programs at Carleton, this is the only Mechanics course that is required. For students in Civil, Mechanical, and Aerospace Engineering, this is the first in a series of related courses. For those students, the development of certain competencies within this course is critical to the understanding of important concepts and skills in followup courses. One such competency is the ability to draw and use Free Body Diagrams (FBD) to analyze the state of equilibrium of rigid bodies. In Mechanics, a FBD is a simplified sketch of an entire system, or a smaller part of a complex system. On this sketch, contact or remote forces and moments, external or internal, are drawn as vectors. This is done in preparation for analysis of the system using the equations of equilibrium. The approach of "cutting off" a small part of a complex system and analyzing conditions at its boundaries is also used other fields of study, such as: electronics, fluids, thermodynamics, transportation, economics, and structures. In mechanics, the ability to investigate individual parts of more complex systems, often in the form of a free body diagram, is one of the fundamental skills that students will need going forward.
Guided by a team of instructional design specialists from Carleton's Educational Development Centre (EDC), three experienced Mechanics instructors recently developed a new set of learning objectives (LO) for this course, which included the ability for students to:
• Calculate the effect of forces and moments on rigid 2D and 3D bodies • Analyze the equilibrium conditions of particles and rigid bodies in 2D and 3D space These objectives reflect the importance of the primary tool that is used to solve these types of problems, the FBD.
In a further study, these Learning Objectives were found to be aligned with the following Graduate Attributes used in our accreditation process: 2. ASSESSMENT PRIORITY Based on the topic's high importance, it is essential that assessment in the first year mechanics course gives the topic of FBDs high consideration. It may even be appropriate to develop departmental academic policies that reinforce the principle that certain key topics, such as the use of FBD, should be given priority in assessment. To be able to produce consistent, reliable, and fair marking schemes and to discriminate between the various evaluation criteria, the use of a scoring rubric is necessary for this course. This is especially true in a course that is taught and assessed by multiple different instructors. In this solution, a significant amount of time may be spent by students in the solution of the equilibrium equations, parts (3) and (4); however, the skills used to actually solve the equations is based on math that they learning in high school. The new conceptual understanding of the problem comes in at the formation of the free body diagram (FBD) in part (1) and in the construction of the equilibrium equations themselves (not in the solving of those equations). If we were assessing student performance on this question based on the amount of work, or based on the time that it takes to do each step, which may be a common approach, then we may risk undervaluing the steps that are most directly related to the course learning objectives or graduate attributes.
Of course, this does not mean that the other parts of the question are not valued or are unimportant, just that the relative importance of each part should be considered in a more deliberate manner than by the relative amount of work. In fact, this approach also presents the opportunity to assess other secondary goals and learning objectives that may not have any time or work associated with them such as organization, clarity, or legibility as shown in step (5). The presentation of clear and legible engineering calculations is a skill that may often be overlooked from an assessment point-of-view, but that we may value in the training of a competent engineer.
To address the issue of importance, this paper will present an analysis of the consequences of the use of a weighted scoring rubric to balance the assessment of primary and secondary learning objectives in a course.
BACKGROUND ON RUBRICS
The development and use of rubrics have been amply discussed in the literature. The TLT Group (2002) presents "A Rubric for Rubrics" a very helpful tool to assess the quality and use of rubrics in education. This publication emphasizes the need for clarity, a distinction between levels of assessment criteria, and reliability of the scoring methodology. Carleton University's EDC (n.d.) provides instructors with very practical advice and examples on how to develop and use scoring rubrics. Moskal (2000) examined, in general terms, issues of validity regarding the authenticity of the assessment process itself; and the reliability or consistency of the markers. Moskal and Leydens (2000) investigated in more depth the extent to which performance competencies can be generalized to other relevant criteria; and how important it is to identify specific components of the assessment that might be related to professional engineering practice and relevant to other elements. There seems to be a need for a structured scoring rubric of direct application to engineering practice that can offer the ability to identify evaluation criteria especially relevant to the current course and to follow-up courses. It is important for this rubric to offer a structure that will promote both validity and reliability in the process and is, at the same time, capable of discriminating between dominant and secondary assessment criteria. We hope that the proposed rubric in this paper will be able to meet these requirements. Tierney and Simon (2004) caution educators of the pitfalls of ready-to-wear rubrics available in a variety of web sites and suggest that more attention should be paid to the development of independent evaluation criteria and well-defined performance levels in order to ensure consistency in the evaluation process.
Rubrics
A rubric is generally structured as an array of rows and columns. The top row contains a number of performance levels, for example ranging from "unacceptable" to "exemplary." When using letter grades in final assessment, the usual range of performance levels is: F, D, C, B, and A, with potential to include their additional variances, e.g. B-and A+. The left-most column of the rubric array consists of a list of criteria or components of the specific task being assessed. The cells within the array contain detailed descriptors explaining specific competencies to be demonstrated by the student's work, spanning the whole range of performance levels for each criterion. The formulation of this conceptual rubric requires considerable effort by the instructors, in consultation with instructional designers, academic and accreditation committees, and especially with students.
The weighted scoring rubric proposed in this study operates in parallel with the conceptual rubric discussed above, except as follows: (a) beneath the top row (levels of performance) of the scoring rubric there is another row containing numerical values of marks associated with each level of performance, and (b) to the right of the leftmost column (criteria) there is another column with numerical values or weights corresponding to the relative importance of each criterion. In this weighted scoring rubric, the cells inside the array are scored with a value of either 0 (Zero) or 1, as explained below. Assigning a relative weight to each criterion of the assessment allows us to identify dominant criteria or primary criteria which we feel have significant relevance to the course learning objectives and graduate attributes. Using the score for each cell, numerical performance levels, and the weights assigned to each criterion, the overall score for an assessment task would be evaluated as follows:
For example, as previously discussed, the concept of Free Body Diagrams (FBD) plays a critical role in the analysis process in Engineering Mechanics as well as in several other related courses and fields of study. It should, therefore, receive special consideration in the assessment process and be assigned a larger weight. The other (secondary) elements of the assessment criteria would then receive lower weights.
When using a conventional conceptual rubric, instructors examine a particular component of the task (criterion) and assign a number of "marks" depending on the degree of competency demonstrated by the student's performance. For example, if using a "point" system, and the specific performance level has a value of, say 2 pts, the instructor might assign 1.5 pts to a particular student for one criterion and 1.0 points for another criterion. To attain an overall mark, the instructor then may average the scores or perhaps give a grade depending on the instructor's conception of the relative importance of each criterion. There is a degree of subjectivity here, which may result in uneven assessments between instructors. The proposed scoring approach assigns explicit weights to the components of the evaluation, and offers a degree of consistency when multiple instructors are involved. These weights, and their relative values must be determined after considerable discussion between instructors. The proposed approach using an analytical scoring rubric is capable to discriminate dominant components of the assessment from secondary criteria using the general formulation explained below. There are certain criteria (i) which play an especially important role in the assessment process, to the extent that failure to meet competencies associated with these criteria would result in unacceptable marks or grades. We call these the dominant criteria. The rest of the criteria in the set are also important but to a lesser extent. We call these the secondary criteria. The relative weight of dominant and secondary criteria can be adjusted to achieve the level of discrimination desired for a particular situation. For example: Component W 1 (FBD) of the scoring rubric may be so important that a student that does not demonstrate a level of competency equal or greater than, say 48%, P j = Value of performance level j 0 ≤ P j ≤ 100 for j = 1 !k
should not receive a passing grade for the task, even if the level of competency in the other, secondary, criteria is good.
The shape of the weight distribution function and the condition that the sum of all weights must add up to 100 will allow us to determine either "a" (dominant) or "b" (secondary), extreme values.
DISTRIBUTION MODELS

Uniform Distribution
One commonly used marking approach consists of using equal weight for all components, W 1 = W 2 = W 3 = W 4 = W 5 =100/5 = 20 = a = b as shown in Table 1 below. (1)75} = 60 which corresponds to a somewhat ambiguous grade between D+ and C-. This probably constitutes a "passing" grade, even though the performance level for the dominant criterion W 1 is unacceptable. This would violate a "minimum grade" policy.
Step Distribution
To attain more discriminating result, the dominant component may be assigned a higher weight, as shown in Table 2. In this (1)75} = 46.5 which corresponds to a grade of F. Thus, the method is clearly able to identify a poor performance in one of the dominant criteria, even though performance was acceptable in the other dominant criterion. It is possible to incorporate a more tolerant assessment policy by using W 1 = W 2 = 32 and W 3 = W 4 = W 5 = 12 with a resulting grade of 51, also a passing low grade.
Linear distribution
It is also possible to consider varying degrees of dominance amongst the assessment criteria. Consider for example a linear variation of weights as follows:
W1 > W2 > W3 > W4 > W5 and ΣWi = 100 (1)75} = 48 which still corresponds to a grade of F, but is able to distinguish between the relative weights of multiple secondary criteria. Alternatively, we might wish to use W 1 = 30; W 2 = 25; W 3 = 20; W 4 = 15; W 5 = 10 to obtain a grade of 52.5, a more tolerant policy. Risk-tolerant and riskaverse non-linear weight distribution functions were also evaluated but the results do not seem to deviate much from the linear case.
SUMMARY
A structured assessment rubric, the weighted scoring rubric, is proposed to evaluate tasks with single and multiple dominant components following uniform and nonuniform distribution functions. The shape of the weight distribution function allows the discrimination between dominant and secondary assessment criteria. The rubric has the ability to adopt specific academic grading policies, allowing a match between assessment and learning objectives and graduate attributes. For a given weight distribution function it is also possible to adjust the degree to tolerance of the rubric and ensure consistency of the marking process for large classes with multiple instructors.
